Background
Epidemiological studies have suggested that showed significant positive correlation with age (garlic group, garlic may have protective effects against cardiovascular disr= .44; control group, r= .52) and systolic blood pressure (SBP) eases. We undertook this cross-sectional observational study to (garlic group, r=.48; control group, r=.54) . With any degree of test the hypothesis that regular garlic intake would delay the increase in age or SBP, PWV increased less in the garlic group stiffening of the aorta relating to aging. than in the control group (P<.OOOl). ANCOV A and multiple Methods and Results We studied healthy adults (n=101; regression analyses demonstrated that age and SBP were the age, 50 to 80 years) who were taking :2::300mg/d of standardmost important determinants of PWV and that the effect of ized garlic powder for :2::2years and 101 age-and sex-matched garlic on PWV was independent of confounding factors. control subjects. Pulse wave velocity (PWV) and pressureConclusions Chronic garlic powder intake attenuated agestandardized elastic vascular resistance (EVR) were used to related increases in aortic stiffness. These data strongly support measure the elastic properties of the aorta. Blood pressures, the hypothesis that garlic intake had a protective effect on the heart rate, and plasma lipid levels were similar in the two elastic properties of the aorta related to aging in humans. groups. PWV (8.3±1. 46 it has been reported that garlic Study Population intake !ll~y have beneficial effe~ts on blood pressu~e, The study was performed according to the revised Declarablood lipids, and blood coagulatIon factors, the precise tions of Helsinki, and the protocol was approved by an mechanism or mechanisms responsible for the effect or independent ethics committee. Written informed consent was effects remain to be defined. '-4 obtained from all subjects before the study. Healthy, nonsmokIt is well appreciated that the aorta does not only ing individuals with an age range of 50 to 80 years and a history serve a conduit function but also plays an important role of regular garlic intake (:2::300mg powder preparation/d for : (Table) . Garlic users reported ingesting an average in the absence of underlying cardiovascular patholoof 4.6 (range, 3 to 9) 100-mg garlic tablets for an average of 7.1 gy.ll,12 It was hypothesized that if garlic had any protecyears (range, 2 to 16 years; median, 5.7 years). Subjects tive effect against cardiovascular diseases related to receiving regular treatment with medications that may alter the aging, regular garlic intake would delay the stiffening of elasti~prope~ti~s of t~e aorta (eg, ACE inhi.bi~ors, direct the aorta related to aging. The present study was undervasodilators, IIpld-lowenng age~ts) as wel.l as garlic mtake were taken to test this hypothesis in an observational crossexcluded from the study. SpecIfic questions were asked that , were related to casual performance of sports and composition .... of diet in general. Physical examination was within normal
Results
Selected Abbreviations and Acronyms .
DBP d· t I' bl d SBP and heart rate at rest and during handgnp = las 0 IC 00 pressure '" . EVR = elastic vascularresistance exerCIse were not statistically dIfferent between the two MAP = mean arterial blood pressure groups (Table) ; likewise, HDL and LDL were not PWV = pulse.wavevelocity statistically different (Table) . Both groups were receiving SBP = systolIcblood pressure a similar regional German diet. Casual participation in sports was reported by 43% of garlic users and 38% of " control subjects. transduce~s), as ,:"e prevIOuslydescnbed.1315 SBP and DBP PWV was significantly lower in the garlic group than were obtamed usmg a standard mercury sphygmomanometer.
. " . Measurements were performed with subjects in the supine I~the co~trol group at rest and du:mg han~gnP.Isometposition at rest and during isometric handgrip exercise at 30% nc exerCIse (P<.OOOl; Fig 3) .
greater in the older ages and individualswith higher SBPs. A good correlation was also present between PWV and SBP in both groups (garlic group, 1'=. 48; control 1'=.38; control group, 1'=.45) , and SBP and PWV (garlic group, 1'=.54; Fig 4) . The slope of the lines, however, group, 1'=.40; control group, 1'=.34). Again, with any relating SBP and PWV differed between the two groups.
degree of increase in age or SBP, the increase in PWVor Thus, for any degree of increase in blood pressure, the EVR was less in the garlic group than in the control increase in PWV was smaller in the garlic group than in group (P<.OOOl). the control group (P<.OOOl, Fig 4) . Correlations were
The augmentation of the late systolic peak of the also found between EVR (MAP-standardized index) carotid pulse was diminished in garlic users (10.3%; 95% and SBP in both groups (garlic group, 1'= .26; control confidence interval, 4.0 to 16.5) compared with the group, 1'=.42), with the correlation coefficients somecontrol group (20.0%; 95% confidence interval, 16.8 to what smaller than for PWV. The slope of the lines, 23.2; P<.Ol). however, relating EVR and SBP differed between the Garlic users were subdivided in those with reported two groups. Thus, for any degree of increase in blood doses of 300 mg/d (n = 36), 400 mg/d (n = 21), and 600 pressure, the increase in EVR was smaller in the garlic mg/d (n=39) garlic powder. The remaining 5 patients group than in the control group (P<.OOOl, Fig 4) .
were taking 500 or 900 mg/d. Analysis of the relations The difference in PWV between the two group means between PWV and age, PWV and pressure, EVR and was smaller in the lower-pressure and greater in the age, and EVR and pressure for these three subgroups higher-pressure groups. Thus, the difference between did not reveal a dose effect between garlic use and the two groups was 0.51 m/s in individuals with SBPs of alterations in aortic stiffness associated with aging and s134 mm Hg (P=.22), 1.38 m/s in individuals with SBPs blood pressure. of 135 to 149 mm Hg (P=.0005), and 2.63 m/s in Multiple regression analyses for both collectives reindividuals with SBPs of 2::150 mm Hg (P=.OOOI, Fig 2) .
vealed age and SBP as the most important confounders Likewise, the difference in EVR between the two group of PWV among all variables tested (ie, age, blood mean values was smaller in the lower-pressure and pressure, heart rate, body mass index, and serum lipids greater in the higher-pressure groups. Thus, the differand subfractions); with these influences taken into acence between the two groups was 0. an age range of 50 to 80 years, chronic garlic intake of a imals, changes of the arterial wall structure during the standardized powder preparation was associated with a progression and regression of atherosclerosis paralleled decrease in PWV and blood pressure-standardized inindices of aortic elastic properties. Regression of atherodex of EVR compared with age-and sex-matched consclerosis resulted in a decrease in PWV, and vice versa.27 trol subjects. The data suggested that the elastic propSimilar findings have been reported during the developerties of the aorta were maintained better in the garlic ment and treatment of arterial hypertension,1s,28,29 Abgroup than in the control group. Thus, the detrimental normal aortic function, however, may be present in cases effects of age on the elastic properties of the aorta were in which structural abnormalities of the aortic wall blunted in the garlic users compared with the control cannot be precisely defined with contemporary technolsubjects.
ogy. For example, acute changes of blood supply to the The present results confirmed previous observations aortic wall due to a decrease in vasa vasorum flow may in which the PWV correlated positively with result in aortic dysfunction.5,3o age. 11 ,12,16,19-21 This correlation was seen in both groups. Endothelium-derived relaxant factor (nitric oxide), The slope of regression lines, however, relating age and endothelin, atrial natriuretic peptides, catecholamines, PWV were different in the two groups. For any degree of and prostaglandins may alter the elastic properties of the increase in age, the PWV was less in the garlic group aorta directly through their effects on the smooth muscle than in the control group. The difference in PWV of the aortic wall and indirectly by their effects on vasa between garlic users and controls was greater in the vasorum flow. In addition, the autonomic nervous sysolder than in the younger age subgroups. This might well tern may playa significant role in the determination of reflect the relatively normal elastic properties of the the aortic wall function through a direct effect on the aortic wall in younger individuals with PWVs of 7 to 8 smooth muscle, vasa vasorum flow, or neurohumoral m/s. For this reason, the effect of garlic on the elastic activation.31-34 properties of the aorta was more obvious in the advanced age group.
Factors That May Account for Differences in Elastic Properties Between the Two Groups Factors Determining Aortic Function PWV and its derivative EVR were used as indices of Any change in structure of the arterial wall may result the elastic properties of the aorta in the present study. It in abnormal aortic function.
5 ,lo,22-26In experimental anis known, however, that arterial pressure may have some effect on these indices, 11,12,15,35,36 yet ,an I ere slgm cantly factors, only healthy individuals, not those receiving b~tween the ¥arhc and control gro~ps re~ardless of therapy with cardiovascular drugs and nonsmokers who w eth~r the lllfluence of confoundlllg vanables was I ' d 'thO h h" h ' . taken llltO account Ive WI III t e same geograp IC area, Wit Similar '" nutritional habits were included in the study.~he fact that the effect of garlic on the elastlc propIt is known that increased cholesterol has detrimental ertles of the aorta. was not dos.e. related may Simply effects on the arterial elastic properties; cholesterol and reflect tha~the maximal effe~t (celllllg) had already been aortic stiffness have been shown to be positively correreache~:-V lth~h e lowest garhc dos~reported (300 mg/d). lated.5,19,2o,4o,41 Some studies have suggested that garlic In addltlon, It should .be taken llltO account that .the intake may decrease plasma cholestero1. 2, 3, 42Differences rep?rted dosage range ISnarrow~nd th~s not well SUIted in cholesterol, however, cannot account for differences for Judgme~t of, dose-effect relatlons. Flllall~, these ?ata in the elastic properties of the aorta because serum lipid rely on subjects r~P?rts, and may not be qUIte preCise, levels were similar in the two groups. Furthermore, in a There also~re hmltat~ons related to the method used recent double-blind, placebo-controlled, cross-over to assess elastlc prope~tIes ?f the aorta, Blood pressure study of 28 patients with hypercholesterolemia, the may affect PWV, ?ut III thiS study, blood pressure was administration of 900 mg/d garlic powder for 3 months almost the same III the two groups. Furthermore, the had no effect on plasma cholestero1. 43 same differences in the elastic properties of the aorta were found when an index that was less dependent on Possible Mechanisms Involved in the blood pressure index (EVR) was used. Vasoprotective Effects of Garlic " Clinical Implications Recent data suggested that endothehum-denved re-... laxant factor (nitric oxide) regulates vascular homeostaUnder ?ormal condltlons, a I~rge prop~rtlon of the sis by controlling vascular resistance, blood pressure, left. ventncular~troke volume IS stored III the aorta cell-cell contact, and proliferation,44.45 Frohlich et al46 dunng left ventncular systole, whereas during diastole, demonstrated that stimulation of endogenous nitric oxthe stored bl?o? flows into periphefJ:'.1O.16 This function ide formation increased nutritive muscular capillary of the aorta IS Important for the malllt~nance of blood blood flow in patients with peripheral occlusive disease.
flow and pressure throughout the cardiac cycle, Aortic In addition, the same group presented data showing that storage cap.acity is diminished or lost in different disease activation of nitric oxide synthetase in cholesterol-fed states and III the elderly,5,11,22-26 rabbits had a stronger inhibitory effect on the progresWhen the pulse wave reaches the periphery, it returns sion of atherosclerosis than cholesterol-lowering therapy back to the ascending aorta. Normally the reflecting with lovastatin.47 waves reach the ascending aorta early in diastole; this Incubation of human tissues with garlic extracts has results in the formation of the diastolic wave. Reflecting been shown to increase nitric oxide synthase activity. 48 wa~~s that reach the aortic valve early in diastole Increased nitric oxide synthase activity may facilitate faclhtate coronary blood flow. When the elastic properendothelium-dependent smooth muscle relaxation ties of the aorta are diminished and the PWV increases, through the intracellular second messenger cAMP, the reflecting waves from the periphery return earlier which in turn may increase vasa vasorum flow. Vasa into the ascending aorta, fuse with the systolic part of the vasorum flow contributes to the nutrition of the outer pulse, and result in an increase in pulse pressure, a late layers of the thoracic aorta, and its impairment induced systolic peak in the pulse, and the disappearance of the structural changes of the aortic wall with deterioration of diastolic wave,17,53Matching the slower PWV in garlic the elastic aortic properties,5,3o It is also known that vasa users, analyses of the carotid wave contours demonvasorum flow is decreased in advancing age.34 Thus, strated that augmentation of the late systolic peak was garlic intake may possibly restore impaired endothelium also decreased compared with control subjects. Late function by nitric oxide synthase activation and so mainsystolic augmentation increases left ventricular work. tain the elastic properties of the aorta, Left ventricular-vascular coupling is an important deterOther studies also have suggested that regular garlic minant of left ventricular performance. In patients with intake may have an inhibitory effect on platelet aggreleft ventricular dysfunction without appropriate adaptagation, increase fibrinolytic activity, and inhibit atherotion of the vasculature, overall circulatory performance sclerotic plaque formation. 1,2,49-51 Nevertheless, the presmay not improve and in fact may be diminished despite ent study demonstrated that garlic delays the stiffening positive inotropic interventions.5,6,54 of the aorta relating to aging. The precise mechanism or Aortic function is an important determinant of myome~hanisms of this effe~t of garlic on the elastic propcardial perfusion. Indeed, experimental studies have ertles of the aorta remalll to be defined.
indicated that decreased aortic distensibility has a detri- 
